Myocardial perfusion SPECT imaging (MPI) is a widely available technique used to identify and quantify ischemia, infarct, and myocardial viability. The first radioisotope used was thallium (Tl)-201, introduced to nuclear medicine by Kawana et al in 1970, 1 and evaluated for MPI shortly after.
The shorter physical half-life of Tc-99m compared to Tl-201 (6 vs 73 hours) allowed the injection of a tenfold higher dose of 25 to 30 mCi compared to 3 mCi, respectively. The higher injected activity resulted in higher myocardial count density and better image quality compared to Tl-201 images, and allowed the acquisition of ECG-gated images of good quality. Moreover, lacking significant redistribution, Tc-labeled tracers offered flexibility of imaging protocols, using a 2-day stress and rest protocol, or 1-day either rest-stress or stress-rest protocols. Therefore, Tc-99m-labeled radiotracers, either sestamibi or tetrofosmin became dominant in nuclear cardiology.
During the early 1990s, dual-isotope MPI was first introduced by Berman et al 4, 5 using Tl-201 for rest, followed by Tc-99m sestamibi for stress imaging. This original protocol gained attention and popularity because it offered significant shortening of the entire test time from 4-5 hours to only 1.5-2 hours. In addition, it utilized advantages of both tracers for the assessment of myocardial ischemia and viability. The high count density of Tc-99m sestamibi provided good-quality gated SPECT stress images, allowing evaluation of stress perfusion deficit and post-stress left ventricular function, whereas resting Tl-201 provided assessment of resting perfusion, and the option to obtain delayed images for the assessment of myocardial viability within infarcted or severely ischemic regions. Ideally, acquisition of rest Tl-201 and stress Tc-99m should be obtained simultaneously in one SPECT acquisition. This would provide optimal image registration, save imaging time, and increase patient throughput. However, when using traditional sodium iodide (NaI) detectors and photomultipliers, the crosstalk of counts originating from the Tc-99m into the Tl-201 window is significant, and accounts for 27% of the counts acquired in the Tl-201 window. 3 This is due to the limited energy resolution of the traditional Anger cameras. These ''extra'' counts may cause overestimation of ischemia and viability. Therefore, dual-isotope protocol has been used typically in the separate-acquisition mode.
In recent years, the awareness to patient radiation exposure from MPI has increased, and the dual-isotope protocol has been criticized for exposing patients to the highest radiation level of all MPI protocols. 6 As a result, the use of this protocol declined substantially. However, the introduction of new solid-state CZT cameras offered the opportunity to reduce radiation doses associated with all MPI protocols, and opened the horizon for reviving dual-isotope MPI. Moreover, using CZT detectors, simultaneous acquisition of Tc-99m and Tl-201 became feasible due to the higher energy resolution of these detectors compared to conventional cameras (at 140 keV 5.5% vs 10%, respectively). 7 In the current issue of the journal, Imbert and colleagues from Nancy, France, evaluated a novel low-dose dual-isotope procedure using a CZT camera (D-SPECT, Spectrum Dynamics, Caesarea, Israel). Unlike the conventional separate-acquisition dual-isotope protocol which involved an initial resting Tl-201 injection and acquisition, followed by stress Tc-99m sestamibi injection and acquisition, 4 the current protocol started with stress sestamibi injection and imaging followed by rest Tl-201 injection, and both Tc99m and Tl-201 acquired simultaneously 15 minutes after Tl-201 administration at rest. The study involved also a resting sestamibi injection and imaging which followed the dual-isotope imaging. Thus, stress Tc-99m-sestamibi/rest Tl-201 could be compared head to head with the conventional single-isotope stress/rest Tc-99m-sestamibi protocol. Processing of Tl-201 images involved reduction in crosstalk from the Tc-99m window by analyzing information from multiple energy windows as previously described. 7 Also, background upward shift of count level in the resting Tl-201 images was corrected by 12% to match background count level in the resting Tc-99m sestamibi images. The results demonstrated similar average resting uptake for background corrected Tl-201 and Tc-99m within ischemic or infarcted myocardial segments. Similar reversibility was obtained for singleisotope stress Tc-99m/dual-isotope rest Tl-201 compared to single-isotope stress Tc-99m/rest Tc-99m. ROC analysis to identify ischemic segments based on dualisotope stress Tc-99m and rest Tl-201 demonstrated similarly high diagnostic value for the dual and singleisotope techniques with area under the curve of 0.83 vs 0.81, respectively. The study demonstrated that both stress Tc-99m and rest Tl-201 obtained from simultaneous dual-isotope acquisition can be used for the assessment of myocardial ischemia.
The advantage of the protocol proposed by Imbert et al compared to previously described dual-isotope procedures is the involvement of stress-first Tc-99m-sestamibi with the optional conversion to a stress-only test in cases with a normal stress study, similar to the stress-first single-isotope Tc-99m procedure. As previously described, stress-only testing is an important measure for reducing patient radiation exposure in MPI. 8 Figure 1 demonstrates effective radiation doses associated with the single-and dual-isotope procedures, based on injected activity doses in the current study by Imbert et al. A complete stress and rest dual-isotope testing still involved higher per-patient radiation dose compared to the single-isotope procedure (8.3 vs 4.3 mSv, respectively) ( Figure 1A ), but accounted for much lower radiation dose compared to the traditional rest Tl-201/ stress Tc-99m sestamibi protocol using a conventional Anger camera (over 20 mSv), or previously reported dual-isotope protocols using a CZT camera.
9-11 A stressonly rate of 40% would result in a substantial reduction of average effective radiation to 3 mSv for the singleisotope and 5.4 mSv for the dual-isotope procedure ( Figure 1B) .
Few studies evaluated the feasibility and diagnostic value of dual-isotope MPI using a CZT camera (Table 1) . Ben-Haim et al 9 demonstrated the feasibility and high image quality of simultaneously acquired dualisotope, rest Tl-201/stress Tc-99m-sestamibi MPI using a solid-state CZT camera, in comparison to conventional, separate-acquisition SPECT. The injected doses of Tl-201 and Tc-99m-sestamibi were 2.2 and 6.8 mCi, respectively, accounting for a total per-patient effective dose of 11.4 mSv. The simultaneously acquired data were corrected for spillover and scatter. 7 The results of this study demonstrated comparable perfusion findings obtained by simultaneous rest Tl-201/stress Tc-99m-sestamibi CZT-MPI and separate, conventional dualisotope SPECT.
Berman et al 10 offered a different version of the dual-isotope CZT-MPI, using separate acquisition of stress Tl-201 and rest Tc-99m-sestamibi. They demonstrated similar image quality for this protocol compared to rest/stress single-isotope Tc-99m-sestamibi. This study also demonstrated the feasibility of early resting Tc-99m-sestamibi imaging, beginning within 2 minutes after rest injection, and suffering from less extra-cardiac activity than the conventional single-isotope protocol. Thus, the whole procedure was accomplished in \20 minutes. This protocol takes advantage of the higher extraction fraction and linearity of Tl-201 with coronary blood flow at high flow rates compared to Tcbased tracers (0.85 vs *0.60), with the potentially better detection of perfusion deficits appearing at high flow rates, and associated with mild coronary disease. The protocol involved effective radiation of 11 mSv (8.7 mSv Tl-201/2.3 mSv Tc-99m-sestamibi) or 13.8 mSv (10.9 mSv Tl-201/2.9 mSv Tc-99m sestamibi) for patients weighting B225 and [225 lbs, respectively.
Another interesting dual-isotope MPI protocol has been recently suggested by Makita and colleagues from Japan. 11 These investigators evaluated a CZT-MPI protocol, starting with rest Tc-99m-tetrofosmin injection, followed by adenosine stress Tl-201 and simultaneous acquisition of both isotopes. Patients also underwent a second dual-isotope imaging 30 minutes later for the comparison of ECG-gated wall motion with the immediately post-stress acquisition. Validation of MPI results against invasive angiography defining obstructive coronary disease C75% stenosis yielded area under the ROC curve 0.908 on a per-patient basis, with sensitivity, specificity, and accuracy of 88.6%, 79.2%, and 86.2%, respectively.
The current study by Imbert and colleagues demonstrates a dual-isotope protocol involving the lowest effective radiation of all dual-isotope protocols described to date (Table 1) . Moreover, it is the only protocol that can be converted to a low-dose stress-only test upon a normal stress MPI, reducing effective dose from 8.3 mSv for the complete stress and rest study to 1 mSv stress-only testing. Other dual-isotope protocols either begin with resting injection, or start with stress Tl-201, which is associated with *8 mSv radiation. Therefore, this protocol might have a more optimistic future compared to other dual-isotope protocols in this era, when reducing patient radiation exposure is crucial for the continuing use of SPECT imaging in nuclear cardiology. However, before implementing this protocol into clinical use it should be noted that it has not been validated against coronary angiography, and its clinical advantage in the detection of myocardial hibernation by additional late Tl-201 imaging has not been explored. To date, only one type of the commercially available CZT cameras, namely the D-SPECT camera, has been used in the published dual-isotope MPI studies, and methods for simultaneous acquisition of Tc-99m and Tl-201 with scatter and crosstalk corrections were developed for this specific camera. It is important that investigators develop and assess the utility of dual-isotope protocols using the Discovery 530c camera (GE Healthcare) as well.
The shift from Tl-201 to Tc-based tracers and the abandon of dual-isotope MPI procedures have rendered the field of SPECT-MPI without satisfactory measures Ex, exercise; AD, adenosine for assessing myocardial viability within large infarcted zones, and within areas with severe resting hypoperfusion. Single-isotope Tc-99m procedures are advantages with respect to dosimetry, protocol flexibility, and image quality. However, evaluation of patients with large infarcted myocardium and reduced ejection fraction is incomplete using these protocols. Using CZT detectors, image quality of Tl-201 has been greatly improved compared to conventional NaI detectors, and the injected dose can be reduced. 12 Moreover, delayed Tl-201 images 18-24 hours after injection, which suffer from poor quality using conventional SPECT are of excellent quality using CZT detectors. Thus, rest-redistribution Tl-201 as part of the dual-isotope protocol using a CZT camera might be more accurate and useful in detecting myocardial viability than could be previously obtained with conventional SPECT. Yet, because of the higher effective radiation compared to the single-isotope Tc99m procedures, this protocol should be reserved for patients with moderate or large infarcts and reduced ventricular function.
A reasonable program of a nuclear lab using a CZT camera, based on patient-centered imaging and incorporating dual-isotope MPI is demonstrated in Figure 2 . Starting with a low-dose stress Tc-99m (either sestamibi or tetrofosmin) acquisition, around 40% of the studies could be converted to stress-only testing, sparing the need for a resting injection and receiving only 1-2 mSv effective radiation dose. Another 40% of the patients receive also a resting Tc-99m dose, with a total stress and rest radiation dose of 4.5-7 mSv. An estimate of 20% of the patients, with history of myocardial infarction and moderate-severe stress perfusion deficit at the initial singleisotope stress imaging, receive a reduced dose of Tl-201 and simultaneous dual-isotope acquisition performed after 15 minutes. Those with large non-reversible or partially reversible perfusion deficit, estimated as *10% of all studies undergo a late, 18-24 hours Tl-201 imaging for the assessment of myocardial viability. In cases with known intermediate-large infarcts and left ventricular dysfunction, who are specifically referred for viability assessment, rest Tl-201 might be administered directly following stress testing, skipping the initial single-isotope stress Tc-99m acquisition. In these cases, simultaneous acquisition of stress Tc-99m and rest Tl-201 is the first acquisition performed, followed by delayed Tl-201 redistribution acquisition after 18-24 hours. Patient-centered imaging in nuclear cardiology, assessing ischemia, infarct, and viability will improve diagnosis and patient management, reduce radiation exposure, and aid in increasing patient throughput and effective utilization of nuclear lab facilities.
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